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(54) MOTOR DRIVE UNIT

(57) Rotation of a rotor (7) is transmitted via an input
shaft (8) to a sun gear (11) of a gear set (5), and then a
stepped planetary pinion (13) makes a planetary motion
so that a small diameter gear (13b) rolls along a ring gear
(12). The planetary motion is transmitted via a carrier (14
(14a, 14b)) and an output shaft (9) to a wheel hub (24).
A motor-side coupler (25) is set such that the output shaft
(9) is drivingly coupled to the carrier (14a) in a relatively
displaceable manner, and a wheel hub-side coupler (26)
is set such that the output shaft (9) is drivingly coupled
to the wheel hub (24) in a relatively displaceable manner.
A center of swinging displacement (O1) provided by a
bearing (23) for the wheel hub (24) is configured to be
located between a center of swinging relative displace-
ment (02) provided by the coupler (25) for the carrier
(14a) and the output shaft (9) and a center of swinging
relative displacement (03) provided by the wheel hub-
side coupler (26) for the output shaft (9) and the wheel
hub (24).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a motor drive
unit useful for a drive unit (commonly known as an in-
wheel motor unit) for each wheel for use in an electric
vehicle capable of traveling with individual electric motors
driving drive wheels, respectively, and more particularly
to an improvement in a coupling structure to drivingly
couple, in a relatively displaceable manner, an output
end of a motor drive system using the electric motor as
a power source and a rotator rotatably supported on a
bearing unit.

BACKGROUND ART

[0002] A unit as disclosed for example in Patent Liter-
ature 1, configured as an in-wheel motor unit, has here-
tofore been proposed as such a motor drive unit.
[0003] The in-wheel motor unit uses an annular cou-
pling member to couple an output end of a motor drive
system and a wheel hub (or a rotator) rotatably supported
with a hub bearing (or a bearing unit).
[0004] In an electric vehicle including such an in-wheel
motor unit for each drive wheel, when an electric motor
is driven, rotation of the electric motor is transmitted from
the output end of the motor drive system via the annular
coupling member to the wheel hub (or the drive wheel)
thereby to allow the vehicle to travel.
[0005] Incidentally, wearing of the hub bearing (or the
bearing unit) in itself supporting rotatably the wheel hub
(or the drive wheel) as the rotator, deflection of the wheel
hub (or the drive wheel), or the like may cause the wheel
hub (or the drive wheel) to be displaced relative to the
output end of the motor drive system.
[0006] Such a displacement of the wheel hub (or the
drive wheel), if affecting the output end of the motor drive
system, causes a change in an air gap between a stator
and a rotor of the electric motor and hence imposes per-
formance deterioration or torque variations in the electric
motor, or, if a reduction gear mechanism is interposed in
the output end of the motor drive system, causes contact
of teeth of the reduction gear mechanism and hence im-
poses gear noise or a reduction in gear longevity and
further an increase in power loss due to a change in a
backlash between gears.
[0007] Therefore, Patent Literature 1 takes a measure
so as to prevent the displacement of the wheel hub (or
the drive wheel) from affecting the output end of the motor
drive system.
[0008] The measure is such that an annular coupling
member is additionally provided in an abutting portion of
the output end of the motor drive system and a shaft of
the wheel hub (or the drive wheel), the annular coupling
member and the output end of the motor drive system
are drivingly coupled together in a relatively displaceable
manner and a motor-side coupler is set between the an-

nular coupling member and the output end of the motor
drive system, and the opposite end of the annular cou-
pling member and the shaft of the wheel hub (or the drive
wheel) are drivingly coupled together in a relatively dis-
placeable manner and a wheel-side coupler is set be-
tween the opposite end of the annular coupling member
and the shaft of the wheel hub (or the drive wheel).
[0009] The motor-side coupler and the wheel-side cou-
pler are set for the purpose of serving their respective
coupler functions to accommodate the displacement of
the wheel hub (or the drive wheel) and thereby prevent
the displacement of the wheel hub (or the drive wheel)
from reaching the output end of the motor drive system.

CITATION LIST

PATENT LITERATURE

[0010] Patent Literature 1: Japanese Patent Applica-
tion Publication No. 2009-190440

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0011] However, in the above-described conventional
motor drive unit, the motor-side coupler and the wheel-
side coupler are set on ends of the annular coupling mem-
ber and are arranged adjacent to each other in the axial
direction, and a center of displacement of the wheel hub
(or the drive wheel) defined by the hub bearing (or the
bearing unit) supporting rotatably the wheel hub (or the
drive wheel), therefore, the hub bearing (or the bearing
unit), is located farther from the output end of the motor
drive system than the annular coupling members, or than
the motor-side coupler and the wheel-side coupler.
[0012] Thus, the motor-side coupler, the wheel-side
coupler, and the center of displacement of the wheel hub
(or the drive wheel) are sequentially arranged in this order
in the axial direction, and the following problem arises.
[0013] The wearing of the hub bearing (or the bearing
unit) in itself or the deflection of the wheel hub (or the
drive wheel) may cause swinging displacement of the
wheel hub (or the drive wheel) about the center of dis-
placement defined by the hub bearing (or the bearing
unit).
[0014] Therefore, in the conventional motor drive unit
in which the motor-side coupler, the wheel-side coupler,
and the center of displacement of the wheel hub (or the
drive wheel) are sequentially arranged in this order in an
axial direction, only an extremely slight amount of swing-
ing displacement about the center of displacement of the
wheel hub (or the drive wheel), within a tiltable range of
the annular coupling member, can be accommodated,
and most of the swinging displacement about the center
of displacement of the wheel hub (or the drive wheel)
cannot be accommodated.
[0015] Thus, the following problem arises. Specifically,
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transmission of the swinging displacement about the
center of displacement of the wheel hub (or the drive
wheel), from the output end of the motor drive system to
the reduction gear mechanism and via the reduction gear
mechanism to the electric motor cannot be avoided.
Thus, the gear noise or the reduction in the gear longevity
due to the contact of the teeth of the reduction gear mech-
anism and the increase in the power loss due to the
change in the backlash between the gears cannot be
prevented as intended, and the performance deteriora-
tion or the torque variations in the electric motor due to
the change in the air gap in the electric motor cannot be
prevented as intended.
[0016] An object of the present invention is to propose
a motor drive unit improved so as to solve the foregoing
problem, by embodying the following concept, from the
viewpoint that the foregoing problem is caused by the
axial arrangement of the centers of displacement of the
motor-side coupler, the wheel-side (or rotator-side) cou-
pler and the wheel hub (or rotator) and, when the center
of displacement of the rotator is located between the mo-
tor-side coupler and the rotator-side coupler in an axial
direction, swinging displacement of the rotator about the
center of displacement can be accommodated with reli-
ability by the coupler action of the motor-side coupler and
the rotator-side coupler.

SOLUTION TO PROBLEM

[0017] For this purpose, a motor drive unit of the
present invention is configured as given below.
[0018] Firstly, description will be given with regard to
a motor drive unit on which the present invention is based.
The motor drive unit is a motor drive unit in which an
output end of a motor drive system using an electric motor
as a power source and a rotator rotatably supported by
a bearing unit are arranged side by side in an axial di-
rection, and the output end of the motor drive system and
the rotator are coupled in a relatively displaceable man-
ner by a coupling member in which plural couplers
spaced apart in the axial direction are set.
[0019] The motor drive unit of the present invention is
characterized in that the bearing unit of the rotator is ar-
ranged such that a center of displacement of the rotator
defined by the bearing unit is located between an arbitrary
pair of couplers among the couplers.

ADVANTAGEOUS EFFECTS OF INVENTION

[0020] According to the motor drive unit of the present
invention, the center of displacement of the rotator de-
fined by the bearing unit is located between the pair of
couplers. Thus, when the rotator undergoes swinging dis-
placement about the center of displacement, the swing-
ing displacement can be accommodated with reliability
by the coupler action of the couplers on both sides of the
center of displacement.
[0021] Therefore, the swinging displacement of the ro-

tator about the center of displacement can be prevented
from being transmitted from the output end of the motor
drive system via the motor drive system to the electric
motor, and an adverse influence on the motor drive sys-
tem, of course, can be avoided, and performance dete-
rioration or torque variations of the electric motor due to
a change in an air gap can be avoided with reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

[Fig. 1] Fig. 1 is a longitudinal side view illustrating
a motor drive unit according to one embodiment of
the present invention in which the motor drive unit is
configured as an in-wheel motor unit.
[Fig. 2] Fig. 2 is a partially enlarged longitudinal side
view illustrating in enlarged view a principal part of
the in-wheel motor unit illustrated in Fig. 1.
[Fig. 3] Fig. 3 illustrates in schematic form the relative
positions of an input shaft, an output shaft and a
wheel hub of the in-wheel motor unit illustrated in
Fig. 1, and Part (a) of Fig. 3 is a schematic illustration
in a case where the wheel hub undergoes no dis-
placement, Part (b) of Fig. 3 is a schematic illustration
in a case where the wheel hub undergoes parallel
displacement by "y" in an axial orthogonal direction,
Part (c) of Fig. 3 is a schematic illustration in a case
where the wheel hub undergoes swinging displace-
ment by "θ" about a center of displacement 01, and
Part (d) of Fig. 3 is a schematic illustration in a case
where the wheel hub undergoes axial displacement
by "x" in an axial direction.
[Fig. 4] Fig. 4 is a characteristic graph illustrating
change characteristics of stress "Fa" and backlash
"δ" with respect to an angle of inclination of the cou-
plers in the in-wheel motor unit illustrated in Fig. 1.

REFERENCE SIGNS LIST

[0023]

1 case body
2 rear cover
3 unit case
4 electric motor (power source)
5 reduction gear set (transmission mechanism)
6 stator
7 rotor
8 input shaft
9 output shaft (coupling member)
11 sun gear
12 ring gear
13 stepped planetary pinion
14 carrier (output rotation member, output end of mo-

tor drive system)
15 wheel disc
17 seal adapter
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18 end lid
23 double row angular bearing (bearing unit)
24 wheel hub (rotator)
O1 center of displacement of wheel hub
25 motor-side coupler
26 wheel hub-side coupler (rotator-side coupler)
27 brake disc
28 wheel bolt
29 wheel nut
30 brake pad
31 sensor rotor (rotation sensor)
32 pickup (rotation sensor)
33 seal member

DESCRIPTION OF EMBODIMENTS

[0024] An embodiment of the present invention will be
described below with reference to the accompanying
drawings.

[Embodiment 1]

[Configuration of Embodiment]

[0025] Fig. 1 is a longitudinal side view illustrating a
motor drive unit according to one embodiment of the
present invention. In the embodiment, the motor drive
unit is configured as an in-wheel motor unit.
[0026] In Fig. 1, reference numeral 1 denotes a case
body of the in-wheel motor unit; and 2, a rear cover of
the case body 1. The case body 1 and the rear cover 2
form a unit case 3 of the in-wheel motor unit.
[0027] The in-wheel motor unit illustrated in Fig. 1 is
formed of an electric motor 4 and an epicycle reduction
gear set 5 (hereinafter called merely a "reduction gear
set"), which are housed in the unit case 3.
[0028] The electric motor 4 is formed of an annular
stator 6 fitted and fixedly provided in an inner periphery
of the case body 1, and a rotor 7 concentrically arranged
on an inner periphery of the annular stator 6 with a radial
gap in between.
[0029] The reduction gear set 5 serves to drivingly cou-
ple an input shaft 8 and an output shaft 9 arranged facing
each other in coaxially abutting relation. The reduction
gear set 5 is formed of a sun gear 11, a fixed ring gear
12 concentrically arranged and offset toward the output
shaft 9 with respect to the sun gear 11 in an axial direction,
a stepped planetary pinion 13 (or a stepped pinion) hav-
ing a meshing engagement with the sun gear 11 and the
ring gear 12, and a carrier 14 (14a, 14b) rotatably sup-
porting the stepped planetary pinion 13.
[0030] The input shaft 8 is integrally formed and pro-
vided with the sun gear 11 on an inner end close to the
output shaft 9, and the input shaft 8 extends rearward
from the sun gear 11 toward the rear cover 2.
[0031] The output shaft 9 extends in the opposite di-
rection (or outward) from the reduction gear set 5 and
protrudes through an opening in the case body 1 at its

front end (or on the right-hand side of Fig. 1), and, in this
protruding portion, a wheel disc 15 of a wheel is coupled
to the output shaft 9, as described later.
[0032] An end portion of the input shaft 8 far away from
the output shaft 9 is rotatably supported on the rear cover
2 by a bearing 16 which may be a ball bearing, and an
end portion of the input shaft 8 close to the output shaft
9 is rotatably supported on the case body 1, as described
later.
[0033] The electric motor 4 has the rotor 7 coupled to
the input shaft 8, and this coupled position is set to an
axial position between the reduction gear set 5 and the
bearing 16.
[0034] The ring gear 12 is secured around in the open-
ing on the front end of the case body 1 and is retained
and fixedly provided, and this retaining of the ring gear
12 is accomplished by a seal adapter 17 closing the open-
ing on the front end of the case body 1.
[0035] The seal adapter 17 is fastened and attached
on the front end of the case body 1, so as to close the
opening on the front end of the case body 1 together with
an end lid 18.
[0036] The stepped planetary pinion 13 is configured
as a stepped pinion including a large diameter gear por-
tion 13a having a meshing engagement with the sun gear
11 on the input shaft 8, and a small diameter gear portion
13b having a meshing engagement with the ring gear 12,
which are integrally formed. The small diameter gear por-
tion 13b effects rolling movement of the stepped plane-
tary pinion 13 along an inner periphery of the ring gear 12.
[0037] The stepped planetary pinion 13 is arranged in
an orientation such that the large diameter gear portion
13a is located on the side far away from the output shaft
9, and the small diameter gear portion 13b is located on
the side close to the output shaft 9.
[0038] A set of the stepped planetary pinions 13, for
example four in number, is arranged circumferentially at
equal intervals, and the stepped planetary pinions 13 are
rotatably supported by the carrier 14, while keeping being
arranged circumferentially at equal intervals.
[0039] The carrier 14 is formed of a pair of carriers 14a,
14b coaxially facing each other, and the carriers 14a, 14b
function as output rotation members of the reduction gear
set 5.
[0040] Therefore, the carrier 14 (14a, 14b) forms an
output end of a motor drive system using the electric mo-
tor 4 as a power source.
[0041] The carrier 14b far away from the output shaft
9 is rotatably supported on the input shaft 8 by a bearing
19 on an inner periphery of the carrier 14b, which may
be a ball bearing, and the carrier 14a close to the output
shaft 9 is rotatably supported on the seal adapter 17,
therefore, the case body 1, by a bearing 21 on an outer
periphery of the carrier 14a, which may be a ball bearing.
[0042] An end portion of the input shaft 8 adjacent to
the output shaft 9 is inserted in an inner periphery of the
carrier 14a rotatably supported on the case body 1
through the seal adapter 17, and the end portion of the
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input shaft 8 is rotatably supported on the inner periphery
of the carrier 14a by a roller bearing 22.
[0043] A wheel hub 24 is rotatably supported in a center
hole of the end lid 18 by a double row angular bearing
23, and the output shaft 9 is inserted into a hollow hole
of the wheel hub 24.
[0044] An end portion of the output shaft 9 abutting the
input shaft 8 is drivingly coupled by a motor-side coupler
25 to the inner periphery of the carrier 14a in axial dis-
placeable and swinging displaceable manner, and the
other end portion of the output shaft 9 is drivingly coupled
by a wheel hub-side (or rotator-side) coupler 26 to an
inner periphery of the wheel hub 24 in axial displaceable
and swinging displaceable manner.
[0045] Therefore, the output shaft 9 corresponds to a
coupling member to provide coupling between the carrier
14a (or the output end of the motor drive system) and
the wheel hub 24. The wheel hub 24 forms the rotator of
the present invention. The double row angular bearing
23 forms the bearing unit of the wheel hub 24 (or the
rotator), in conjunction with the end lid 18.
[0046] A brake disc 27 is coupled integrally and con-
centrically with the wheel hub 24, and plural wheel bolts
28 are provided to pass through the wheel hub 24 and
the brake disc 27 and to protrude therefrom in the axial
direction.
[0047] Mounting of the wheel disc 15 (or the wheel) to
the wheel hub 24 is accomplished by bringing the wheel
disc 15 into close contact with a side surface of the brake
disc 27 in such a manner that the wheel bolts 28 pass
through bolt holes formed in the wheel disc 15, and, in
this state, tightly fastening and screwing wheel nuts 29
to the wheel bolts 28.
[0048] Here, the wheel hub-side (or rotator-side) cou-
pler 26 which controls driving coupling between the out-
put shaft 9 and the wheel hub 24 is set at the position of
an end portion of the wheel hub 24 far away from the
input shaft 8, so that the wheel hub-side (or rotator-side)
coupler 26 is located at a position farther away from the
input shaft 8 than the double row angular bearing 23 in
the axial direction.
[0049] Specifically, the relative positions of the wheel
hub-side (or rotator-side) coupler 26 and the double row
angular bearing 23 are determined so that a center of
swinging displacement O1 provided by the double row
angular bearing 23 for the wheel hub 24 is located be-
tween a center of swinging displacement 02 provided by
the motor-side coupler 25 for the carrier 14a and the out-
put shaft 9 and a center of swinging displacement 03
provided by the wheel hub-side (or rotator-side) coupler
26 for the output shaft 9 and the wheel hub 24.
[0050] Preferably, as illustrated in Fig. 1, a configura-
tion is such that a distance L1 between the center of
swinging displacement 01 and the center of swinging dis-
placement 02 is the same as a distance L1 between the
center of swinging displacement 01 and the center of
swinging displacement 03.
[0051] The motor drive unit requires a rotation sensor

to detect a rotation speed of the wheel hub 24 (or the
wheel), for purposes of anti-skid control or the like.
[0052] In the embodiment, the rotation sensor is
formed of a sensor rotor 31 which rotates together with
the wheel hub 24 (or the wheel), and a pickup 32 provided
in the end lid 18. As clearly illustrated in enlarged dimen-
sions in Fig. 2, the sensor rotor 31 is provided on an end
surface of the wheel hub 24 facing an axial end surface
of the carrier 14a.
[0053] Lubrication of the motor-side coupler 25 and the
wheel hub-side (or rotator-side) coupler 26 is accom-
plished by lubrication oil illustrated by the arrow α sup-
plied through a hollow hole of the input shaft 8, since the
couplers 25, 26 are located in a central portion of the
motor drive unit.
[0054] As likewise clearly illustrated in Fig. 2, a seal
member 33 which seals between the carrier 14a and the
axial facing end surface of the wheel hub 24 in order to
seal the lubrication oil in a lubrication oil sealed-in space
for the motor-side coupler 25 and the wheel hub-side (or
rotator-side) coupler 26 is integrally molded on the sensor
rotor 31 and is provided on a corresponding end surface
of the wheel hub 24.

[Operations of Embodiment]

[0055] When an electric current is supplied to the stator
6 of the electric motor 4, the rotor 7 of the electric motor
4 is rotatably driven by an electromagnetic force from the
stator 6.
[0056] A rotation drive force of the rotor 7 is transmitted
via the input shaft 8 to the sun gear 11 of the reduction
gear set 5.
[0057] Thereby, the sun gear 11 rotates the stepped
planetary pinion 13 via the large diameter gear 13a, and,
at this time, the fixed ring gear 12 functions as a reaction
receiver, and thus, the stepped planetary pinion 13 per-
forms a planetary motion such that the small diameter
gear 13b rolls along the ring gear 12.
[0058] The planetary motion of the stepped planetary
pinion 13 is transmitted via the carrier 14 (14a, 14b) to
the output shaft 9 to rotate the output shaft 9 at a reduced
speed in the same direction as the input shaft 8.
[0059] By the above-described transmission action,
the reduction gear set 5 decelerates rotation from the
electric motor 4 to the input shaft 8 at a ratio determined
by the number of teeth of the dung gear 11 and the
number of teeth of the ring gear 12, and transmits the
rotation via the motor-side coupler 25 to the output shaft
9.
[0060] The rotation to the output shaft 9 reaches the
wheel hub 24 via the wheel hub-side (or rotator-side)
coupler 26 and then is transmitted via the wheel bolts 28
to the wheel disc 15 (or the wheel) thereby enable the
vehicle to travel.
[0061] For braking of the vehicle, an intended purpose
can be accomplished by frictionally braking the wheel
disc 15 (or the wheel) by sandwiching and pressing the
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brake disc 27 axially on both sides by a brake pad 30.

[Advantageous Effects of Embodiment]

[0062] According to the motor drive unit of the above-
described embodiment, the center of swinging displace-
ment O1 provided by the double row angular bearing 23
for the wheel hub 24 is configured to be located between
the center of swinging relative displacement 02 provided
by the motor-side coupler 25 for the carrier 14a and the
output shaft 9 and the center of swinging relative dis-
placement 03 provided by the wheel hub-side (or rotator-
side) coupler 26 for the output shaft 9 and the wheel hub
24. Thus, the following advantageous effects described
with reference to Fig. 3 can be achieved.
[0063] Fig. 3 illustrates in schematic form the relative
positions of the input shaft 8, the output shaft 9 and the
wheel hub 24 in connection with the centers of displace-
ment O1, O2, O3, and Part (a) of Fig. 3 is a schematic
illustration in a case where the wheel hub 24 undergoes
no displacement, Part (b) of Fig. 3 is a schematic illus-
tration in a case where the wheel hub 24 undergoes par-
allel displacement by y in an axial orthogonal direction,
Part (c) of Fig. 3 is a schematic illustration in a case where
the wheel hub 24 undergoes swinging displacement by
θ about the center of displacement 01, and Part (d) of
Fig. 3 is a schematic illustration in a case where the wheel
hub 24 undergoes axial displacement by x in the axial
direction.
[0064] When the wheel hub 24 undergoes parallel dis-
placement as illustrated in Part (b) of Fig. 3, from a non-
displaced position illustrated in Part (a) of Fig. 3, the par-
allel displacement can be accommodated through the
illustrated inclination of the output shaft 9 by the coupler
action of the couplers 25, 26.
[0065] Therefore, the parallel displacement of the
wheel hub 24 does not affect and displace the input shaft
8 (or the carrier 14a).
[0066] Also, when the wheel hub 24 undergoes swing-
ing displacement by θ about the center of displacement
O1 as illustrated in Part (c) of Fig. 3, from the non-dis-
placed position illustrated in Part (a) of Fig. 3, the swing-
ing displacement can be accommodated through the il-
lustrated inclination of the output shaft 9 by the coupler
action of the couplers 25, 26.
[0067] Therefore, the swinging displacement of the
wheel hub 24 does not affect and displace the input shaft
8 (or the carrier 14a).
[0068] Further, when the wheel hub 24 undergoes axial
displacement as illustrated in Part (d) of Fig. 3, from the
non-displaced position illustrated in Part (a) of Fig. 3, the
axial displacement can be accommodated by the slide
action of the couplers 25, 26.
[0069] Therefore, the axial displacement of the wheel
hub 24 does not affect and displace the input shaft 8 (or
the carrier 14a).
[0070] In the embodiment, the center of displacement
O1 is configured to be located between the centers of

displacement 02, 03. Thereby, even if the wheel hub 24
undergoes any of the parallel displacement, the swinging
displacement and the axial displacement as described
above, the displacements can be accommodated with
reliability by the couplers 25, 26, and the displacement
of the wheel hub 24 does not affect and displace the input
shaft 8 (or the carrier 14a) in the corresponding direction.
[0071] Therefore, the displacement of the wheel hub
24 can be prevented from being transmitted from the car-
rier 14a as the output end of the motor drive system to
the reduction gear set 5 and the electric motor 4. Thus,
gear noise or a reduction in gear longevity due to the
contact of the teeth of the reduction gear set 5 and an
increase in power loss due to a change in backlash be-
tween the gears can, of course, be avoided with reliability,
and performance deterioration or torque variations in the
electric motor 4 due to a change in an air gap in the
electric motor 4 can be avoided with reliability.
[0072] Moreover, in the embodiment, the relative po-
sitions of the wheel hub-side (or rotator-side) coupler 26
and the double row angular bearing 23 are determined
so that the distance L1 between the center of swinging
displacement O1 and the center of swinging displace-
ment 02 is the same as the distance L1 between the
center of swinging displacement O1 and the center of
swinging displacement 03, or equivalently, so that the
center of swinging displacement O1 is located at a point
at which a distance L between the centers of displace-
ment 02, 03 is divided into two halves. Thus, advanta-
geous effects as described below can be achieved.
[0073] When the center of swinging displacement O1
is not located at the point at which the distance L between
the centers of displacement 02, 03 is divided into two
halves, the coupler 25 or 26 associated with the center
of displacement 02 or 03 closer to the center of swinging
displacement O1 is increased in its angle of inclination
when the wheel hub 24 undergoes the parallel displace-
ment illustrated in Part (b) of Fig. 3 and undergoes the
swinging displacement illustrated in Part (c) of Fig. 3.
[0074] Incidentally, change characteristics of stress Fa
and backlash δ with respect to the angle of inclination of
the couplers 25, 26 are as illustrated in Fig. 4. As the
angle of inclination of the couplers 25, 26 becomes great-
er, the stress Fa and the backlash δ of the couplers 25,
26 become greater.
[0075] If the stress Fa and the backlash δ of the cou-
plers 25, 26 become greater, the couplers 25, 26 needs
to become larger in size so as to allow the stress Fa and
the backlash δ and requires a larger space for installment,
and thus, increases in size, weight and cost of the motor
drive unit cannot be avoided.
[0076] However, in the embodiment, the center of
swinging displacement O1 is configured to be located at
the point at which the distance L between the centers of
displacement 02, 03 is divided into two halves, and there-
by, the coupler 25 or 26 is not increased in its angle of
inclination when the wheel hub 24 undergoes the parallel
displacement illustrated in Part (b) of Fig. 3 and under-
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goes the swinging displacement illustrated in Part (c) of
Fig. 3.
[0077] Therefore, the coupler 25 or 26 is not increased
in its angle of inclination, and both the stress Fa and the
backlash δ of the couplers 25, 26 are small.
[0078] Thus, the couplers 25, 26 can be reduced in
size, and the space for installment can be small, so that
size, weight and cost reductions of the motor drive unit
can be achieved.
[0079] Further, in the above-described conventional
motor drive unit described in Patent Literature 1, the mo-
tor-side coupler (which corresponds to the coupler 25
which provides the center of displacement 02 in the em-
bodiment), the wheel-side coupler (which corresponds
to the coupler 26 which provides the center of displace-
ment 03 in the embodiment), and the center of displace-
ment of the wheel hub (or the drive wheel) (which corre-
sponds to the center of displacement O1 in the embod-
iment) are sequentially arranged in this order in the axial
direction, and thus, an axial length of the motor drive unit
is increased; however, in the embodiment, the following
configuration enables avoiding a problem involving the
increase in the length.
[0080] Specifically, in the embodiment, the output shaft
9 which controls driving coupling between the carrier 14a
as the output end of the motor drive system and the wheel
hub 24 as the rotator is inserted into and through the
center hole in the wheel hub 24, and the inserted end of
the output shaft 9 is drivingly coupled to the wheel hub
24 in a relatively displaceable manner by the coupler 26
at an axial position farther away from the carrier 14a (or
the output end of the motor drive system) than the double
row angular bearing 23 (or the bearing unit of the wheel
hub 24). Thus, the coupler 26 is housed within an existing
axial space, and the axial length of the motor drive unit
is not increased, so that the problem involving the in-
crease in the length can be avoided.
[0081] Also, in the embodiment, the coupler 26 is ar-
ranged at a position close to an outer side of the motor
drive unit in a vehicle width direction, and thus, the posi-
tioning of the coupler 26 during assembly is easy, so that
ease of assembly operation is enhanced.
[0082] Further, when the motor drive unit is in a disas-
sembled position, a structure in which a central portion
of the unit is tightly sealed is easily achieved, and the
reliability of part replacement maintenance operation
such as replacement of the double row angular bearing
23 is easily achieved, and a reduction in repair cost is
facilitated.
[0083] Also, in the embodiment, the motor-side coupler
25 drivingly couples the carrier 14a as the output rotation
member of the reduction gear set 5 and the output shaft
9 in a relatively displaceable manner. Thus, the carrier
14a is also utilized as part of the motor-side coupler 25,
and simplification and size, weight and cost reductions
of the configuration can be achieved.
[0084] Also, the wheel hub-side (or rotator-side) cou-
pler 26 drivingly couples the wheel hub 24 as the rotator

and the output shaft 9 in a relatively displaceable manner.
Thus, the wheel hub 24 is also utilized as part of the
wheel hub-side (or rotator-side) coupler 26, and simpli-
fication and size, weight and cost reductions of the con-
figuration can be achieved.
[0085] Further, in the embodiment, the sensor rotor 31
of the rotation sensor to detect the rotation speed of the
wheel hub 24 (or the wheel) for purposes of the anti-skid
control or the like is provided on the end surface of the
wheel hub 24 facing the axial end surface of the carrier
14a. Thus, the rotation sensor formed by the sensor rotor
31 and the pickup 32 directly detects the rotation speed
of the wheel hub 24 (or the wheel) located on a distal end
of a wheel drive system. Thus, a defect in the wheel drive
system including the motor-side coupler 25 and the wheel
hub-side (or rotator-side) coupler 26 can be detected,
and reliability can be improved and safety can be im-
proved.
[0086] Also, in the embodiment, the seal member 33
which seals between the carrier 14a and the axial facing
end surface of the wheel hub 24 in order to seal the lu-
brication oil in the lubrication oil sealed-in space for the
motor-side coupler 25 and the wheel hub-side (or rotator-
side) coupler 26 is integrally molded on the sensor rotor
31 and is provided on the corresponding end surface of
the wheel hub 24. Thus, during assembly of the sensor
rotor 31, assembly of the seal member 33 is also com-
pleted, and ease of assembly operation can be en-
hanced, and a parts count is reduced to thus contribute
greatly to weight and cost reductions, which is greatly
advantageous.

Claims

1. A motor drive unit, in which an output end of a motor
drive system using an electric motor as a power
source and a rotator rotatably supported by a bearing
unit are arranged side by side in an axial direction,
and the output end of the motor drive system and
the rotator are drivingly coupled in a relatively dis-
placeable manner by a coupling member in which a
plurality of couplers spaced apart in an axial direction
are set, wherein
the bearing unit of the rotator is arranged such that
a center of displacement of the rotator defined by
the bearing unit is located between an arbitrary pair
of couplers among the couplers.

2. The motor drive unit according to claim 1, wherein
the plurality of couplers include a motor-side coupler
configured to drivingly couple the output end of the
motor drive system and the coupling member in a
relatively displaceable manner, and a rotator-side
coupler configured to drivingly couple the rotator and
the coupling member in a relatively displaceable
manner, and
the bearing unit of the rotator is arranged such that

11 12 



EP 2 894 055 A1

8

5

10

15

20

25

30

35

40

45

50

55

the center of displacement of the rotator is located
between the two motor-side and rotator-side cou-
plers.

3. The motor drive unit according to claim 2, wherein
the bearing unit of the rotator is arranged such that
the center of displacement of the rotator is located
at an axial midpoint between the motor-side coupler
and the rotator-side coupler.

4. The motor drive unit according to claim 2 or 3, where-
in
the coupling member is an output shaft inserted in a
center hole in the rotator,
the rotator-side coupler is set such that an inserted
end of the output shaft is drivingly coupled to the
rotator in a relatively displaceable manner, at an axial
position of the rotator farther away from the output
end of the motor drive system than the bearing unit,
and
the motor-side coupler is set such that the opposite
end of the output shaft protruding from the rotator is
drivingly coupled to the output end of the motor drive
system in a relatively displaceable manner.

5. The motor drive unit according to any one of claims
2 to 4, wherein
the motor drive system contains a transmission
mechanism, and the output end of the motor drive
system is an output rotation member of the trans-
mission mechanism, and
the motor-side coupler drivingly couples the output
rotation member of the transmission mechanism and
the coupling member in a relatively displaceable
manner.

6. The motor drive unit according to claim 4 or 5, where-
in
the output end of the motor drive system is sealed
to an axially butting end of the rotator, whereby a
seal member defining a lubricant sealed-in space for
the rotator-side coupler and the motor-side coupler
is provided on the axially butting end of the rotator.

7. The motor drive unit according to claim 6, wherein
the axially butting end of the rotator is provided with
a sensor rotor of a rotation sensor configured to de-
tect a rotation speed of the rotator.

8. The motor drive unit according to claim 7, wherein
the seal member is provided integrally with the sen-
sor rotor.
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